The objective of this study was the evaluation of herbage production and botanical composition of a native grassland, ("flechilla?'), of the Salado River Basin fertilized, during 3 years, with 0, 381, or 762 kg&a-'*yr-' of ammonium sulphate alone or combined with 0 or 208 kg-ha-'*yr-' of triple superphosphate. Annual dry matter accumulation of herbage, (ADMA), was restricted by a negative water-balance in the soil during the first experimental year. A linear response to ammonium sulphate rate, irrespective of triple superphosphate, was observed. In the following years the relationship between ADMA and ammonium sulphate became progressively quadratic, and it was manifest firstly in the plots fertilized with superphosphate.
The so-called 'Depresion de1 Rio Salado,' best translated as 'Salado River Basin,' is a vast area of about 58.000 km2 in the Province of Buenos Aires, Argentina.
Its shape is almost triangular; the base extends from (approximately) 34" 50' S, 57" 55' W to 38'00'5P 35' W along the coast, and its vertex lies somewhere near 36'30' S, 61" 1O'W (Vervoorst 1967) (Fig. 1) .
Since the introduction of English cattle breeds in the last century, the main agricultural enterprise in the Basin has been cattle production on the basis of continuous stocking of native grasslands (Vervoorst 1967) . These account for 70% of the Basin's area. In the course of the last two decades, however, there has been an increasing trend to a mixed kind of livestock management: breeding and fattening. In order to fatten steers in the same farms, cattlemen increased forage production through the substitution of cultivated perennial grasslands for the native ones. However, this action has been taken without assessing, as a first step, the production potential of some of the best native grasslands of the region. We consider the best grasslands because not all of them are suitable for steer fattening; e.g. those thriving on solonetzic soils (Ginzo et al. 1980) . In view of the foregoing we decided to determine the production potential of a "flechillar," one of the most productive herbaceous communities of the Basin (Vervoorst 1967), through its fertilization with ammonium sulphate and triple superphosphate. It deserves mentioning that some of the Basin's native swards have been fertilized particularly with phosphorous sources (Vida, Aponte, pers. comm. 1975) , and, on the whole, substantial increments in meat production have been observed.
We chose ammonium sulphate and triple superphosphate because they are sources of most of the major nutrients needed for an active plant growth. As it is well known that chemical fertilization may alter the botanical composition of a grassland (Thurston 1969; Rogler and Lorenz 1974; Rabotnov 1977) , we also evaluated the fate of some of the most conspicuous species of the "flechillar."
Materials and Methods
The experimental site was located near the town of Veronica (35' 24' S, 5P 20' W), (Fig. I) . The monthly distributions of rainfall and mean air temperature from September 1975 to October 1978 are represented in Figure 2 . That figure also depicts the soil-water balance as calculated by Thornthwaite and MatherS (1957) method. Rainfall and temperature were recorded at Punta de Indio (35" 18' S, 56" 15' W), 25 km away from the experimental site. The experimental site consisted of a fenced homogeneous stand of a native grassland, which botanical composition (Table I) was very similar to that of a "flechillar" (Vervoorst 1967 ) Mizczynski (pers. comm. 1978 classified the site's soil as Vertic Argiudol (pH = 6.5; E.C. = 0.7 mmho/cm in the O-O.2 m layer).
Commercial ammonium sulphate (21% N, 24% S) and triple superphosphate (46% P205) were applied, respectively, at the following annual rates ((kg-kg) l ha ): O-O, O-208, 381-0, 381-208, 762-0, and 726-208 . Each fertilizer combination was broadcast by hand twice each year: 70% of the annual rate in spring , and the remaining 30% in autumn (4-7-76, 3-16-77 and 3-30-78) .
The fertilizer treatments were arranged in six randomized blocks. Each experimental plot was 4 m square and included a 2-m square centered subplot. Herbage samples were taken from the subplot. The area to be sampled was demarcated by an iron frame of I .O X 0. I m. Herbage was clipped to 0.03 m height. A plot sample was composed of four subsamples of 0.21 rn2 each. The first position of the frame in the subplot was chosen at random; the other three positions were selected in such a way that no one overlapped with the preceding. Each plot was mown to 0.03 m with a garden flail-mower after sampling. Hay was raked away from the plots thereafter.
The frequency of sampling was determined by the sward's intensity of regrowth, particularly that of the plots fertilized with the highest doses of ammonium sulphate and triple superphosphate. Usually the experiment was sampled when the height of the canopy was between 0. I and 0. I5 m. Each sample was separated into graminoids, (grasses and sedges), legumes and forbs in the laboratory. Fractionation of the first seven harvests was made after ovendrying at 80°C. After having noticed that the fractionation of fresh material was both easier and more precise with fresh material, herbage samples were stored at -2oOC until fractionation and ovendried at 80°C thereafter.
Fifteen harvests were made during the 36 months of this study. Three, six, and five harvests were taken in the course of the first, second, and third experimental years, respectively. These years were arbitrarily chosen to extend from October 17, 1975 , to October 1, 1975 October 1, 1976 , to October 7, 1977 , and October 7, 1977 , to October 18, 1978 .
The harvests of each year were added and dry matter yield was expressed as annual dry matter accumulation (ADMA), as suggested by Hodgson (1979) .
Phytosociological surveys were made before (9-25-75) the first and after (I l-29-78) the last addition of fertilizers. A list of species for each plot was compiled and to each species particular frequency and cover-abundance values, as defined by Braun-Blanquet (1950) were assigned. A symbol N" was employed for representing the frequency, N, and the cover-abundance, n, scales.
Soil pH was measured on soil samples taken at depths of 0.05, 0.1, and 0.2 m. They were quickly wetted with distilled water. Before 24 h had elapsed, the soil was pasted for electrometric measurement of pH (Jackson 1964 ). Significant differences between means were evaluated by cluster analysis (Gates and Bilbro 1978) .
Results
We shall not present the data corresponding to the individual samplings of herbage and soil pH because the quantitative effect of fertilization was clouded, in some occasions, by unknown seasonal influences. These, however, did not affect the qualitative effect of fertilization. 36 The annual additions of ammonium sulphate increased herbage ADMA, although the shape of the relationship varied with time and triple superphosphate fertilization (Fig. 3) . The ADMA response to ammonium sulphate was linear and independent of superphosphate in the first year. The amount of herbage harvested per unit of ammonium sulphate was about 24 kg/ kg. This rate was 50% lower than that calculated for the no-superphosphate plots in the following year. In the second year ADMA was quadratically related to ammonium sulphate in the plots which had been fertilized with superphosphate. A quadratic function also described the ADMA-ammonium sulphate relationship in the third year and it was independent of triple superphosphate rate.
Average annual values for the components of the sward's gross botanical composition are presented in Tables 2 and 3 . Before fertilization the botanical composition of the "flechillar," on a weight basis, was: 96% graminoids, 2% legumes, and 2% forbs. Fertilization did not modify the relative amount of graminoids in the sward in the first year: it did so, and particularly the addition of ammonium sulphate, in the following years (Table 2) . However, the effect of ammonium sulphate in the second and third years differed in that there was a conspicuous linear trend in the propor- tion of gtaminoids during the second year but not in the third one. In general, superphosphate did not affect the gmminoid fraction. There was an overall decrease in the relative amount of graminoids-which was particularly noticeable in the plots not fertilized with ammonium sulphate-in the third year. The variation of the "forbs" fraction was complementary of that of the graminoid fraction because the former was the other large component of the sward, except in the spring of 1976. Consequently, we do not present its values for the samples in which graminoids and forbs were the only components of the sward. The relatively amount of forbs was depressed by ammonium sulphate more or less independently of its proportion in the sward (Table 3) . Actually, even in the presence of legumes, the proportion of forbs mainly depended on that of graminoids.
The proportion of legumes was increased by triple superphosphate and adversely affected by ammonium sulphate (Table 3) . Nevertheless, the particular combination of 381 kgeha-'*yi' of ammonium sulphate with 208 kg*ha-'*yr-' of triple superphosphate resulted in relative amounts equal to (third year) or higher (second year) than those of the control treatment. The highest rate of ammonium sulphate was definitely harmful to legume growth.
In the course of the 38 months elapsed between the phytosociological surveys the populations of relatively few species showed conspicuous changes in size and density resulting from the fertilization regime imposed to the experimental grassland. (Table 4 ). The frequency of Dallisgrass (Paspalum dilatatum) was neither modified by ammonium sulphate nor by triple superphosphate; its cover-abundance value (density) was, however, slightly increased by ammonium sulphate, independently of superphosphate fertilization. Ammonium sulphate tended to increase both the frequency and density of Phalaris aquatica, particularly in the absence of triple superphosphate. The frequency of Piptochaetium bicolor was unaffected by fertilization; ammonium suiphate, however, increased slightly its density and the effect was more noticeable in the absence of superphosphate. Fertilization did not affect the density of Stipa neesiana, but it extended its population. In this respect, the effect of superphosphate was more conspicuous than that of ammonium sulphate. Both ammonium sulphate and triple III'  IIT  III'  II'  1112  112  III'  I'  II'  II' ; superphosphate tended to decrease the frequency values of knotroot bristlegrass (Sefuria geniculura). The effect of the latter fertilizer was more intense than that of the former. Density, on the other hand, was markedly increased by the highest rate of ammonium sulphate, independently of superphosphate. These fertilizers did not modify greatly the species'density, which was lowest except in the plots fertilized with superphospate only.
At the time the last phytosociological survey was made black medic was the most conspicuous legume present in the grassland community. Its density was highest in the plots fertilized with superphosphate only.
The frequencies of Gamochaera spicala and Hypochoeris spp. were not altered by fertilization: their respective densities, however, were modified to different extents. In fact, the coverabundance values of G. spicata seemed to be independent of fertilization, whereas those of Hypochoeris spp. were conspicuously decreased by ammonium sulphate.
The fluctuation ofaverage pH values with depth was minimal, so that we present only the data for the upper 0.05 m as representative of the O-O.2 m layer. We observed a definite decreasing effect of ammonium sulphate in the second year only (Table 5) . Actually, the absence of the same trend in the third year was due to a strong interaction between ammonium sulphate and date of sampling. The interaction was due to seasonal effects on the magnitude-but not the sign-on the slope of the pH-ammonium sulphate regression.
Discussion
The stimulating effect of fertilization on herbage production and, also, its modifying effect on the basic botanical composition of the "flechillar" were not surprising from a qualitative viewpoint. In fact those are well-documented effects of fertilizers, and particularly of those which contain nitrogen (Thurston 1969; Rogler and Lorenz 1974; Rabotnov 1977) . The response of the "flechillar" to ammonium sulphate seemed to be conditioned by the sign of the water-balance in the soil. This balance was negative during the first year, and the value of ADMA was the lowest observed (cf. Figs. ?  and 3 ). When the soil water balance became almost null, the sward's overall dry matter accumulation and the response to fertilization were highest. If dry matter accumulation and fertilizer influence had depended solely on the amount of available water in the soil, dry matter accumulation in the third year would have been equal to or higher than that of the previous one because the soil water balance was positive and the site was not flooded at any time of the growing season. The difference lay in the changing response of grassland growth to ammonium sulphate; it shifted from linear to quadratic as time passed. Clearly, Mitscherlich's Law of Diminishing Returns was operating because some mineral nutrients in the soil must have become limiting for growth.
Although soil pH values may not have been faithful indicators of the true reaction of the soil solution (cf. Russell 1973), they were decreased to values as low as 4. I in some sampling occasions. The availability of some of the major nutrients = N, P, K, S, Ca, and Mg-becomes progressively lesser as soil pH decreases from cu. 5.8 downwards (cf. Buckman and Brady 1963) . A glance at both the mean pH values and their corresponding ranges (Table 5) suggests that pH induced deficiencies of some nutrients, even of those added with the fertilizers, might have been brought about by ammonium sulphate hydrolysis as well as by its stimulating effect on plant growth. Cogliatti (1978) found that the soil of this "flechillar" was deficient in P. In the field, however, regrowth did not respond regularly to triple superphosphate fertilization. When it did, it was immediately after the spring and autumn fertilizations in the second experimental year. It seems that the response to superphosphate was due to a strong demand for growth rather than to an actual deficiency of P in the soil.
Ammonium sulphate fertilization led to the elimination of the relatively small population of legumes. On the other hand, it poised the spread of other herbs, mainly rosette plants, through the stimulation of grass growth (cf . Tables 4 and 5 floristic changes in the "flechillar" (Table 4) . If there were any, they might have been blurred because Braun-Blanquet's scales of frequency and cover-abundance are rather subjective and the plots were small for reasonably precise phytosociological surveys. Nevertheless, the spread and density of some specific populations varied very clearly. Ammonium sulphate increased the density of Dallisgrass, the most important warm-season component, and checked the expansion of the two most important hemicryptophytes of the community: Gamochaeta spicata and Hypochoeris spp. Apparently, these species were favored by the clipping regime although we do not know whether clipping modified the effect of fertilization on species dynamics.
